INTRODUCTION
Developing countries, especially in Africa, have a disproportionate burden of global childhood mortality caused by infectious diseases. 1 Invasive bacterial infections are major contributors to this excess mortality among children. 2, 3 Non-typhi Salmonella (NTS), Streptococcus pneumoniae , Staphylococcus aureus, Escherichia coli , and Haemophilus influenzae have been consistently described as the principal bacteremia etiologies among children in sub-Saharan Africa. [2] [3] [4] [5] [6] There is a growing concern regarding management of community-acquired infections in Africa because of increas ing prevalence of resistance to the most commonly antibiotics used in these settings, and the emergence of multidrug-resistant strains. [6] [7] [8] [9] [10] [11] Factors such as indiscriminate use of antibiotics as growth promoters in veterinary medicine, antibiotic dispensation without prescription, or incomplete compliance to prescribed duration of treatment are among the major contributors for the global increase of resistance. Intrinsic factors related to the appearance of antimicrobial drug resistance also take into account diverse molecular mechanisms of resistance, including the presence of plasmids or integrons carrying genetic determinants of resistance. [12] [13] [14] [15] However, data for antimicrobial resistance, especially regarding trends, remain scarce throughout sub-Saharan African settings. [8] [9] [10] In Mozambique, microbiology facilities are scarce and as a consequence, antibiotic therapy is mostly empirical. Empirical treatment in inpatients in Manhiça District Hospital follows Mozambican National guidelines and includes parenteral chloramphenicol or the combination of penicillin plus chloramphenicol for children greater than two months of age, or the combination of ampicillin plus gentamicin among younger children (< 2 months of age) or severely malnourished children. When in vitro susceptibility data are available, empirical treatment is re-assessed and changed when necessary, and ceftriaxone, when available, is used in cases of multidrug-resistance. However, there little data are available to monitor antibiotic resistance [16] [17] [18] [19] and support national treatment guidelines. Within a large prospective study designed to characterize the etiology of bacteremia in children admitted to a rural district hospital, 3 we have been able to monitor antibiotic resistance over a five-year period. We analyzed the antimicrobial susceptibility patterns of bloodstream isolates and their time trends for the five most frequent etiologies of bacteremia found in this setting.
MATERIALS AND METHODS
Study site and population. The study was conducted at the Manhiça District Hospital, a 110-bed referral health facility for Manhiça District, a rural area located 80 km north of Maputo Province in southern Mozambique. The climate of the area is sub-tropical with two distinct seasons: a warm and rainy season from November through April and a cool and dry season during the rest of the year. The district has an estimated population of 140,000 inhabitants. The Manhiça district is located at 25°24′S, 32°48′E and has an average altitude of 50 meters above mean sea level. A full description of the geographic and socio-demographic characteristics of the study community has been reported elsewhere. Abstract. Antibiotic resistance in Africa is increasing but insufficiently recognized as a public health problem. However, there are scarce data for antimicrobial resistance trends among bloodstream isolates in sub-Saharan Africa. Antimicrobial drug resistance trends among bacteria isolated from blood of children < 15 years of age admitted to the Manhiça District Hospital in Mozambique during May 2001-April 2006 were monitored by disk diffusion. We documented a linear trend of increasing resistance throughout the study period to chloramphenicol among isolates of Non-typhi Salmonella ( P < 0.001), Escherichia coli ( P = 0.002), Staphylococcus aureus ( P < 0.001), and Haemophilus influenzae ( P < 0.001). Increasing resistance to ampicillin was also observed for H. influenzae isolates ( P < 0.001). We report trends of increasing resistance among the most frequent etiologies of bacteremia to the most commonly used antibiotics for empirical therapy in this community. Quinolones and third-generation cephalosporines may be needed in the short term to manage community-acquired infections.
Kingdom). Interpretation of resistance categories for isolates was done according to the Clinical and Laboratory Standard Institute (CLSI) guidelines. 21 For oxacillin-resistant S. pneumoniae strains, penicillin minimum inhibitory concentrations were determined using E-test strips (AB Biodisk, Solna, Sweden). The NTS and E. coli isolates were also tested for resistance to nalidixic acid (30 μg), ceftriaxone (30 μg), ciprofloxacin (5 μg), and amoxicillin/clavulanic acid (20/10 μg). Additionally, phenotypic methicillin-resistant S. aureus ( MRSA) were determined by oxacillin disk and cefoxitin disk and tested for resistance to vancomycin. Escherichia coli (ATCC 25922) and S. aureus (ATCC 25923) strains were used as internal quality control for assessing the adequacy of antibiotic disks.
Definitions. Multidrug resistance was defined as complete resistance to two or more unrelated antimicrobial agents. We considered non-susceptible isolates those with intermediate or full resistance.
Statistical analysis. Data were double-entered into a FoxPro database by using visual FoxPro version 2.6 (Microsoft Corp., Redmond, WA). The two entries were compared and discrepancies were resolved by referring to the original forms. Statistical analysis was performed by using STATA software version 9.0 (Stata Corp., College Station, TX). Proportions were compared using the chi-square test or Fisher's exact test as appropriate. P values < 0.05 were considered significant. Antimicrobial resistance trends for the most frequent etiology of bacteremia over the years of surveillance were analyzed by using the chi-square test for trend.
RESULTS

Antimicrobial drug susceptibility.
Over the five-year study period, 19,896 blood cultures were collected from 23,686 admitted children less than 15 years of age and bloodstream episodes confirmed in 8%. 3 These isolates were tested for antibiotic susceptibility. The proportion of non-susceptible isolates to the antibiotics commonly used in this setting is shown in Table 1 .
The NTS isolates showed a high rate of non-susceptible isolates to ampicillin, chloramphenicol, trimethoprim-sulfamethoxazole, but only 3% (8 of 307) of the isolates were non-susceptible to nalidixic acid and all were susceptible to ciprofloxacin (0 of 307) or ceftriaxone (0 of 48). Salmonella Typhi, an uncommon bacteria in Manhiça (only threes isolates), was in all cases susceptible to all antibiotics tested. Eleven percent (17 of 148) of E. coli isolates showed resistance to nalidixic acid and despite the few isolates tested, no resistance was observed to ceftriaxone (0 of 18). Eight percent (14 of 176) of S. aureus isolates were fully resistant to oxacillin and one isolate (1%, 1 of 176) We also evaluated antimicrobial resistance to chloramphenicol and different combinations of antibiotics according to the clinical syndromes (pneumonia, meningitis, acute gastroenteritis) that define, when present, empirical treatment upon admission ( Table 2 ) . A high frequency of non-susceptibility to chloramphenicol among the different clinical diagnoses was found, ranging from 32% (for meningitis) to 51% (for acute gastroenteritis). The level of resistance to ampicillin/gentamicin was approximately 16% for the syndromes analyzed, and the proportion of non-susceptibility to the combination of penicillin/gentamicin was 7% for meningitis diagnoses.
Trends of antimicrobial drug resistance. Trends of antimicrobial resistance over the five years of surveillance for the five most frequent bacteremia-causing isolates were evaluated. The trends of resistance to chloramphenicol, trimethoprim/ sulfamethoxazole, and ampicillin for the five most frequent etiologies of bacteremia are shown in Figures 1 and 2 . For chloramphenicol, a linear trend of increasing resistance was found among NTS (from 26% to 63%; P < 0.001), S. aureus (from 16% to 35%; P < 0.001), E. coli (from 62% to 92%; P = 0.002), and H. influenzae (from 10% to 94%; P < 0.001). For trimethoprim/sulfamethoxazole, a linear trend was also observed among S. pneumoniae (from 33% to 54%, P < 0.001), S. aureus (from 22% to 42%, P = 0.002), and H. influenzae (from 57% to 95%; P = 0.005). For ampicillin, an increase in resistance was high (from 19% to 75%; P < 0.001) among H. influenzae .
DISCUSSION
This report presents the first set of data regarding current levels and time trends of antibiotic resistance of the most commonly isolated bacteria from children admitted to a rural hospital in Mozambique. Data generated in this study show that the most available and inexpensive antibiotics commonly used in the area as empirical therapies for invasive bacterial infections have limited in vitro activity against the most frequent etiologies of bacteremia. Although tested in a small number of isolates, quinolones and ceftriaxone remain effective. Therefore, on the basis of our data, oral ciprofloxacin, now within reasonable costs, could constitute a good alternative for treatment of patients with invasive bacterial infections. However, resistance should be monitored because nalidixic acid-resistant E. coli strains were found in the present study and may predict future resistance to ciprofloxacin. [22] [23] [24] Although fluoroquinolones have recently been demonstrated to be safe in children, 25 they are rarely used in Mozambique. Use of thirdgeneration cephalosporins, which appear to be an alternative for severe invasive disease and in children with infected with human immunodeficiency virus (HIV) or malnutrition in subSaharan Africa 2, 4, 26 is limited by its high cost in countries such as Mozambique. Factors such as incomplete compliance with antibiotic therapy, which is a well-known determinant of resistance in developing countries 14, 15 and is thought to be common in the area; molecular mechanisms of resistance or the presence of genetic elements such as plasmids or integrons; 12, 13 and migration, particularly to South Africa, which is common in this community, 27 may contribute to global high global level of resistance found in this study.
Rates of resistance for specific pathogens reported here are comparable to rates in other studies in sub-Saharan Africa. 6, 9, 10, 13 The proportion of S. aureus isolates resistant to oxacillin is of concern because vancomycin is not available in the study area. The proportion of MRSA in this study was almost double than that previously reported in the country, 18 but lower than those reported from South Africa. 28, 29 MRSA isolates usually arise from nosocomial infections, and often are associated with high mortality, 30 but community-acquired MRSA has also been reported elsewhere. 18, 31 However, the origin of MRSA in our study is not clear because 5 of the 14 children with MRSA were from the demographic surveillance area, and records obtained through the morbidity surveillance system confirm that they had been admitted to the hospital at least once in the preceding four weeks, which suggests that these MRSA may be nosocomial.
One of the study limitations is that we have been unable to quantify the precise number of patients treated with inadequate antibiotics and their associated outcome because of lack of complete information on the number of doses of antibiotics given to a child and changes in antibiotics.
We also demonstrated trends of increasing resistance for the most frequent etiologies of bacteremia for chloramphenicol, which may be explained by its widespread use as empirical treatment among admitted children, leading to a high antibiotic pressure. The trend of resistance found for trimethoprim/sulfamethoxazole may be a legacy of its indiscriminate use in the past and also linked to common use for malaria treatment of sulfadoxine-pyrimetamine, a related antimicrobial drug that has been demonstrated to show produce cross-resistance. Furthermore, the prevalent mechanisms of trimethoprim resistance are located in the same genetic structures conferring resistance to other antibiotics used in the area. 32 Currently, trimethoprim/sulfamethoxazole is reserved for HIV-related opportunistic infection prophylaxis among HIV-infected patients. Our study is one of the few studies that have demonstrated the trend of antimicrobial resistance to the most commonly used and inexpensive antibiotics in developing countries for the most frequent etiologies of bacteremia in sub-Saharan Africa.
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F igure 2. Estimated and predicted proportions of non-susceptibility of the five most frequent agents of bacteremia over a five-year period to A , chloramphenicol, B , trimethoprim-sulfamethoxazole, and C , ampicillin, Mozambique.
In summary, our study suggests a trend of increasing antimicrobial drug resistance for the most commonly used antibiotics for empirical therapy, and quinolones and third-generation cephalosporins may be needed in the short term to manage community-acquired infections at the study site. Although the re-assessment of current national guidelines for antibiotic use is now crucial, bacterial surveillance systems should be implemented in other areas of the country to provide data on the etiology and prevailing antimicrobial drug resistance patterns of community-acquired agents causing bacteremia.
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